Introduction
============

Kawasaki disease (KD) is an acute self-limiting infection-related immune-mediated systemic inflammation of childhood, which may be triggered by substances produced after exposure to unknown agents.[@B1] Clinical phenotype and natural course of KD varies across individuals, and the majority of patients recover from the disease without complication within an average 10 to11 days of fever duration.[@B2] However, some severely affected patients have prolonged fever and/or complications including severe coronary artery aneurysms.[@B3] Since KD is a systemic inflammatory process, the severity of systemic inflammation is reflected in a variety of laboratory indices. Therefore, some parameters, including C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), white blood cell (WBC) count and differentials, albumin, hemoglobin, alanine transaminase (ALT), platelet count, and pyuria have been used for the diagnosis of incomplete KD.[@B4] Furthermore, changes in some of these laboratory parameters after intravenous immunoglobulin (IVIG) infusion also reflect the degree of systemic inflammation in individuals. Thus, evaluation of these changes is helpful to decide further treatment modalities for IVIG nonresponders.[@B5]

Recently in Korea, there have been a few bacterial diseases clinically similar KD, and a few viral diseases showing similar laboratory characteristics to KD. However, early diagnosis of KD is still problematic due to early presentation of patients before the appearance of full clinical criteria and the change to a mild KD phenotype with increasing incomplete KD.[@B6] Therefore, proper guidelines for early diagnosis in these patients may be needed in Korea.

In the present study, we evaluated relationships across laboratory parameters that are associated with inflammation in the acute stage of KD. Also, we discuss reasonable methods for the early diagnosis and proper treatment of KD based on changes in laboratory indices in the acute stage of KD.

Materials and methods
=====================

A total of 615 subjects were selected for this study from 2 university hospitals in Daejeon, Korea, Chungnam National University Hospital (n=330) and The Catholic University of Korea Daejeon St. Mary\'s Hospital (n=285), during 2-time periods between 2000 and 2004 (n=284) and between 2010--2014 (n=331). The study was approved by the Institutional Review Board of The Catholic University of Korea, Daejeon St Mary\'s Hospital (DC17RESI0061). Data from these subjects was previously used for our published paper in which recent patients with KD were shown to have milder clinical phenotypes and less severe CRP, platelet, albumin and hemoglobin values compared to patients admitted a decade ago.[@B6]

Subjects with classic KD satisfied with the diagnostic criteria as defined by the Japanese Kawasaki Disease Research Committee and the American Heart Association (AHA): the patient had a fever duration of ≥5 days with at least 4 of the 5 principal clinical signs: (1) bilateral conjunctival injection, (2) changes in the lips and oral cavity, (3) polymorphous skin rash, (4) changes in the peripheral extremities, and (5) acute nonpurulent cervical lymphadenopathy.[@B4][@B7] The subjects in this study were included patients with incomplete KD as well as classic KD. Incomplete KD was defined as having fever for ≥5 days with 3 or fewer principal signs, with or without cardiac lesions once other KD-like diseases with similar findings had been excluded.[@B6] All patients underwent 2-dimensional echocardiography of the coronary arteries during hospitalization and again at approximately 1 or 2 months after discharge. Echocardiographic findings that were performed during hospitalization were analysed. With respect to coronary artery lesions (CALs), coronary artery ectasia (dilatation) was defined if the internal diameter was up to 1.5 times that of the adjacent coronary artery, and as presenting a luminal dilatation up to 3 mm in children under the age of 5 years or 4.0 mm in children 5 years of age or older. Coronary artery aneurysm was defined when the internal diameter was greater than 1.5 times or ≥3 mm in children under the age of 5 years or ≥4.0 mm in children 5 years of age or older based on the criteria established by the Japanese Ministry of Health and Welfare guidelines.[@B7]

The following laboratory parameter levels were examined at the time of admission: WBC with differential, hemoglobin, platelet, ESR, CRP, total protein, albumin, ALT, and aspartate aminotransferase (AST). The values of laboratory parameters were obtained using automatic analyser at both institutions, and no significant differences were seen in the values between the institutions. We evaluated the laboratory indices according to the duration of fever at presentation, and patients were classified into 6 groups, the ≤3rd, 4th, 5th, 6th, 7th, and the ≥8th day groups. Also, we evaluated the clinical and laboratory data between the patients with CALs (n=119) and those without CALs (n=496). It is well-known that some laboratory values vary according to fever duration and age. Additionally, since we wanted to evaluate relationship across laboratory indices in acute KD more clearly, we used the patient group with fever duration of 5 days or 6 days (n=204) for analysis.

All calculations were performed using SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA). Continuous variables are expressed as mean±standard deviation. One-way analysis of variance (ANOVA) test and Student *t* test for continuous variables was used for comparisons between groups. The Pearson chi-square test was used for categorical variables. To determine the significance of the relationships between laboratory indices, correlation analysis was performed and Pearson correlation coefficients were calculated. A *P* value of \<0.05 was considered statistically significant.

Results
=======

1. Clinical and laboratory parameters according to fever duration at presentation
---------------------------------------------------------------------------------

The clinical and laboratory data for each patient group with different fever duration are presented in [Table 1](#T1){ref-type="table"}. Mean age was 29.7±21.4 months, and the male-to-female ratio was 1.6:1 (375/240). The mean total fever duration was 6.6±2.3 days. The proportion of CALs was 19.3%, and 8 patients had coronary artery aneurysms among patients with CALs. The proportion of IVIG retreatment was 9.6%. Incomplete KD was 37.1% of all KD. Among each group with different fever duration, there were relatively similar proportions in CALs, IVIG retreatment and incomplete KD, although there was a trend for a higher proportion of these parameters in the ≥8th day group ([Table 1](#T1){ref-type="table"}).

In the laboratory findings, WBCs, neutrophil differential and CRP values were the highest, and albumin, hemoglobin, and lymphocyte differential values were the lowest in the 6th day group. The platelet count tended to increase after peak day along with increasing days of fever, and showed highest value in the ≥8th day group. Total protein level was the highest in the ≥8th day group, and the ESR values did not fluctuate significantly. The AST and ALT values were highest in the ≤3rd day group, but 46.7% of patients did not show increased ALT values during the acute stage of KD. In statistical analysis using 1-way ANOVA test, hemoglobin, platelet, CRP, total protein, albumin, AST, and ALT showed statistical significances across the 6 groups ([Table 1](#T1){ref-type="table"}).

2. Clinical and laboratory parameters between patients with and those without CALs
----------------------------------------------------------------------------------

The clinical and laboratory data between patient with CALs (n=119) and patients without CALs (n=496) are presented in [Table 2](#T2){ref-type="table"}. The mean age was not different in both groups, but the male-to-female ratio was higher in the CALs group (*P*=0,004). The proportion of incomplete KD was not different in the both groups. The total fever duration and the rate of repeated IVIG treatment cases were longer and higher in the CALs group. In laboratory findings, WBC, neutrophil differential, ESR and CRP values were higher, and the values of hemoglobin and albumin were lower in the CALs group compared to patients without CALs. There was no difference in platelet value at presentation, but significant higher value at follow-up examination in the CAL group. There were no differences in total protein, AST, and ALT between the groups ([Table 2](#T2){ref-type="table"}).

3. Relationship among laboratory indices around peak inflammation in acute KD
-----------------------------------------------------------------------------

We analysed relationships between laboratory indices using the patients with fever duration of 5 or 6 days (n=204). There were negative correlations between the CRP and albumin and between the CRP and hemoglobin, and positive correlation between the CRP and neutrophil differential (*P*\<0.01 or *P*\<0.05). There were positive correlation between the albumin and hemoglobin (*P*\<0.01) ([Fig. 1](#F1){ref-type="fig"}). There was a negative correlation between albumin and neutrophil differential (*P*\<0.05), but between hemoglobin and neutrophil differential, there was no statistical correlation (*r*^2^=0.142). Except these parameters, there were no laboratory indices that had a statistical correlation each other, across WBC, platelet, ESR, total protein, AST, and ALT (data not shown).

Discussion
==========

In Korea, recent KD patients manifest a higher incidence of incomplete KD together with a lower incidence of severe CALs compared with their historic counterparts, suggesting that KD has changed to a milder phenotype over time.[@B6][@B8][@B9][@B10][@B11] In the present study, there were 228 incomplete KD patients (37.1%) among the total 615 subjects. It has been reported that the laboratory values and the rate of CALs in patients with incomplete KD were compatible to those with complete KD.[@B12][@B13] We also found that patients with incomplete KD had similar incidence of CALs, but they had less severe values in some laboratory findings such as CRP and albumin compared with patients with complete KD.[@B6]

Individual patients with classic KD have showed various clinical phenotypes. The order of appearance and severity of the clinical diagnostic criteria varies in each patient. Other organ involvements also differ in each KD patient, and activated laboratory indices for specific organ involvement are noted in a part of patients with KD.[@B14] Cardiac involvement including CALs affects 5%--25% of patients, and aseptic meningitis was noted in 46.6% of patients in our previous observation.[@B15] Other organ involvement signs such as arthritis, gall bladder hydrops, and anterior uveitis are less frequently seen.[@B16][@B17] The proportion of CALs and the cases with elevation of ALT in this series were 19.1% and 53.3%, respectively.

Laboratory indices such as CRP, ESR, and WBC are universally activated in all patients with KD. We previously found that the intensity of systemic inflammation gradually increases and reaches a peak on the 6th day after fever onset.[@B18] Accordingly, severely affected patients may have more prolonged fever duration and a later peak fever day with a high risk of severe CALs. In this study, we reconfirmed these findings with larger number of subjects. The neutrophil differential and CRP were highest, and albumin, hemoglobin and lymphocyte differential were lowest in the 6th day group. In addition, we found that laboratory values such as CRP, albumin, hemoglobin, and neutrophil differential correlated with each other during the peak stage of systemic inflammation (5th or 6th days). These findings support evidence that these parameters correctly reflect systemic inflammation *in vivo*. Indeed, these laboratory indices have been used for diagnosing incomplete KD. Suspected KD patients with fever duration of ≥5 days are recommended to be examined daily after confirmation of elevated CRP (\>3.0 mg/dL) and ESR (40 mm/hr) values according to the AHA guideline.[@B4][@B14] Patients with incomplete KD can be treated by IVIG, when patients have at least 3 of the following 6 activated laboratory indices: albumin ≤3 g/dL, low hemoglobin for age, elevation of ALT, platelets after 7 days ≥450,000/mm^3^, WBC count ≥15,000/mm^3^, and pyuria (urine ≥10 WBCs/high-power field).

As shown in this study, a large number of patients are admitted with 2 to 4 days of fever duration (n=339, 55.1%). It is believed that most paediatricians in Korea may easily distinguish KD from other febrile infectious diseases in the early stages of KD including incomplete KD within 5 days after fever onset, using the clinical and laboratory findings, including elevated CRP and ESR levels in the early stage. For example, because nearly all children (\>95%) in Korea received bacillus Calmette-Guerin (BCG) vaccination within 1 month of age, BCG site inflammation is noted in over 80%--90% of infants in the early stages of KD,[@B19][@B20] and older children received ophthalmologic consultation for anterior uveitis.[@B17][@B21] Moreover, suspected KD patients may have received repeated laboratory examinations in the early stage of the disease as suggested by the AHA guideline. Since early admitted incompletely presented KD patients can show additional clinical signs during admission, it is possible that early IVIG treatment may affect the appearance of clinical diagnostic criteria for patients with potentially complete KD. These findings could explain increased number of incomplete KD diagnoses in Korea.[@B6][@B9] The AHA diagnostic criteria for incomplete KD patients are helpful for the diagnosis of KD in Korea as well as in Western countries[@B22]; however, because of early presentation of KD patients before the appearance of full clinical criteria and the increase in incomplete KD cases in Korea, the criteria have obstacles such as low sensitivity in the early stage of the disease[@B20][@B23] and waiting for 1 to 3 days to start IVIG treatment after suspected diagnosis. Since early treatment as soon as possible for patients with KD as well as for patients with acute infectious or immune-mediated diseases is a natural concept, early IVIG treatment for preventing formation and/or progression of CALs may be essential. Therefore, it may be reasonable that pediatricians confirm the further elevation of CRP and neutrophil differential values together with reduction in albumin and hemoglobin values, and the appearance of elevated transaminases or pyuria in repeated examinations in the early stage of the disease, especially before the peak of inflammation.[@B1][@B5][@B6][@B18] In our experience, the majority of suspected KD patients showed increased CRP and neutrophil differential values together with an approximately 5%--10% reduction of albumin and hemoglobin values within 24 hours in repeated examinations (unpublished observation).

The change in laboratory values could be used for the treatment of severely affected patients. Since most patients with KD experience no CALs or mild ectasia of CALs, pediatricians should focus on the early detection of severely affected patients who potentially progress to severe coronary artery aneurysms. It is well-known that severity of KD inflammation is reflected in laboratory values not only before but also after IVIG infusion. In the present study, we found that the total fever duration and the proportion of repeated IVIG treated cases were longer and higher in the patients with CALs. Also, the CRP value was higher, and the values of hemoglobin and albumin were lower in the CALs groups compared to patients without CALs. Many studies also have shown that patients with CALs or/and IVIG nonresponsiveness have more activated laboratory values in the acute stage of KD, and some study groups have used scoring systems for the prediction of severe KD patients.[@B24][@B25][@B26][@B27] Since some laboratory values in the score systems before IVIG treatment may be influenced by confounding factors such as the stage of inflammation response as shown in this study, variable involvement of organ tissues in individuals, patient age, and possibly ethnicity, the sensitivity and specificity of the prediction for severe KD may be different across the score systems.[@B1][@B28] The treatment policies based on score systems may have obstacles such as overtreatment of patients with no CALs.

It was reported that sustained activated values after IVIG treatment, including higher WBC and CRP levels, were observed in the IVIG nonresponsive group.[@B29][@B30] We also previously reported that sustained higher WBC and CRP values were observed in the IVIG nonresponsive group at 24 hours after IVIG termination (\>38℃), whereas the IVIG responsive group showed an approximately 40%--60% reduction of these indices.[@B5] At the present time, the definition of IVIG nonresponsiveness is not clearly determined; the observation periods after termination of IVIG are different (24, 36, or 36--48 hours) and the basis of body temperature for nonresponsiveness (37.5℃ or 38.0℃) is also not identical among study groups. Initial IVIG nonresponders also consist of patients having different inflammation intensity. In the present study, CALs incidence and repeated IVIG cases were relatively similar in the different fever-duration groups but they were the highest in the ≥8th day group. This suggests that CALs may begin to develop and progress in the early stage of the disease before the peak of inflammatory intensity, and that prompt further treatment for severely affected patients is essential. It is proposed that patients who have no clinical improvement, such as a lack of well-being with sustained fever ≥38℃, and show no change or increased CRP and/or WBC at 24 hours after IVIG infusion, should be treated as soon as possible with next step treatments such as intravenous methylprednisolone (30 mg/kg) with/without additional IVIG (1 g/kg). If patients do not respond to this treatment, third step treatments such as infliximab and cytotoxic drugs also can be tried according to the laboratory and clinical findings performed the next day.[@B1][@B5] This treatment modality based on laboratory indices may be more reasonable and is expected to reduce the incidence of severe CALs. However, it was reported that early IVIG with additional methylprednisolone pulse therapy (30 mg/kg, one dose) could not prevent aneurysm formation in some severely affected patients.[@B31] Moreover, patients who did not received IVIG with spontaneous defervescence or those who responded to initial IVIG or next step treatments, on occasion, can progress to severe aneurysms after defervescence.[@B32][@B33] These findings suggest that there may be etiologic substances that induce continuous inflammation in coronary artery pathologic lesions, and that severity and chronicity of CALs may depend on immune status of the host against KD insults. The immune status of patients with giant aneurysms may not control the etiologic substances properly and may induce ongoing inflammation in coronary artery pathologic lesions. Therefore, immune-modulators such as IVIG and corticosteroids may be limited in ability to remove the substances inducing sustained coronary artery injury.[@B1][@B6][@B34]

Increase of platelet count or thrombocytosis (\>400,000/mm^3^) is noted in the early convalescent stage of KD. As shown in this study, platelet count may begin to increase after the peak of inflammation. [@B18] All patients with KD in this study also showed increased platelet values during admission.[@B6] Recently we reported that platelet count and IgG, IgM, and IgA levels were concurrently increased in the early convalescent stage. Platelet and each immunoglobulin level were statistically correlated. In this study, only the patients with fever duration of ≥8 days showed the highest total protein value (6.8 g/dL) as well as platelet value with similar albumin value compared to earlier fever day groups. Since total protein is consist of mainly albumin and gamma globulin fraction (immunoglobulins and other proteins), this finding suggests that immunoglobulins may also begin to increase after the peak of inflammation in KD. Moreover, it was reported that lower total protein level after initial IVIG treatment was a characteristic of initial IVIG-nonresponders or nonresponders of second line treatment.[@B5][@B30] These results suggest that platelets, immunoglobulins, and other anti-inflammatory proteins are associated with the recovery reaction from KD insults. Additionally, the increased extent of these indices in the subacute stage may reflect the extent of systemic inflammation. Therefore, confirmation of this characteristic of KD inflammation could be helpful for KD patient selection after IVIG treatment.[@B35]

In conclusion, KD is a self-limited systemic inflammatory process and the intensity of systemic inflammation gradually increases and reaches a peak at mean 6th day after fever onset. The severity of systemic inflammation is reflected in laboratory indices such as CRP, WBC differentials, albumin and hemoglobin, and these parameters correlated with each other. Repeated daily examinations of laboratory indices before the peak of inflammation of KD could be helpful in early diagnosis for early-presented patients with KD and incomplete KD. The same modality after IVIG treatment is also helpful for proper treatment for IVIG nonresponsive or severely affected patients.
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###### Clinical and laboratory characteristics of patients with Kawasaki disease (KD) according to fever duration

![](kjped-61-160-i001)

  Characteristic            Days of fever   *P* value                                                                
  ------------------------- --------------- ----------- ----------- ----------- ----------- ----------- ------------ ---------
  Age (mo)                  25.7±20.8       29.7±21.1   30.4±21.3   32.3±20.4   36.5±23.6   34.9±22.1   29.7±21.4    0.024
  Sex, male:female          111:59          106:63      79:59       41:25       14:22       24:12       375:240      
  Fever duration (day)      5.4±2.2         6.3±1.8     6.7±1.7     7.5±1.5     8.3± 1.6    11.1±2.9    6.6± 2.3     \<0.001
  Incomplete KD             68 (40)         61 (36.1)   48 (34.8)   20 (30.3)   14 (38.9)   17 (47.2)   228 (37.1)   
  CALs                      29 (17.1)       28 (16.6)   28 (29.3)   19 (28.8)   4 (11.1)    11 (30.6)   119 (19.3)   
  Re-IVIG^\*^               12 (7.1)        19 (11.2)   12 (8.7)    3 (4.5)     5 (13.9)    8 (22.2)    59 (9.6)     
  WBC (×10^3^/mm^3^)        14.8±5.1        15.1±4.9    15.2±4.7    15.1±5.5    14.6±4.8    15.7±6.3    15.0±5.1     0.929
   Neutrophil (%)           63.2±16.2       63.7±15.2   66.1±15.1   66.5±12.7   62.4±20.6   62.7±15.9   64.3±15.6    0.404
   Lymphocyte (%)           25.8±12.8       24.1±11.7   23.0±13.2   21.6±9.8    24.7±16.3   23.5±13.9   24.1±12.6    0.218
  Hemoglobin (g/dL)         11.3±1.0        11.2±0.9    11.1±1.2    10.9±0.9    11.0±0.8    10.9±1.0    11.1±0.7     0.026
  Platelet (×10^3^/mm^3^)   306±117         325±128     319±99      321±113     373±184     436±197     327±130      \<0.001
  ESR (mm/hr)               62±26           67±28       68±37       69±28       67±26       74±29       66±30        0.338
  CRP (mg/dL)               8.1±4.8         9.2±5.5     10.3±6.6    12.2±7.2    11.6±8.8    7.9± 4.3    9.5±6.1      \<0.001
  Total protein (g/dL)      6.5±0.7         6.5±0.6     6.4±0.6     6.4±0.7     6.4±0.6     6.8±0.6     6.5±0.7      0.006
  Albumin (g/dL)            3.8±0.4         3.7±0.4     3.7±0.5     3.5±0.5     3.5±0.3     3.6±0.4     3.7±0.5      \<0.001
  AST (IU/L)                140±318         80±105      76±118      41±37       56±76       72±239      90±197       0.004
  ALT (IU/L)                129±188         125±149     125±177     72±76       99±137      53±145      115±162      0.027
  ALT ≤ 40 IU/L             78 (45.9)       76 (45.0)   56 (40.6)   33 (50)     16 (44.4)   28 (77.8)   287 (46.7)   

Values are presented as mean±standard deviation or number (%). Data were analyzed by 1-way analysis of variance test.

CAL, coronary artery lesion; IVIG, intravenous immunoglobulin; WBC, white blood cells; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; AST, aspartate aminotransferase; ALT, alanine aminotransferase.

^\*^Re-IVIG, IVIG retreatment case.

###### Clinical and laboratory parameters in patients with and without coronary artery lesions
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  Variable                  CALs (n=119)   No CALs (n=496)   *P* value
  ------------------------- -------------- ----------------- -----------
  Age (mo)                  31.9±22.6      29.2±21.0         0.251
  Sex, male:female          87:32          288:208           0.004
  Fever duration (day)                                       
   Prior to admission       4.8±2.1        4.5±1.6           0.064
   Total                    7.4±3.0        6.4±2.1           \<0.001
  Incomplete KD             46 (38.7)      182 (36.7)        0.750
  IVIG retreatment          22 (18.5)      37 (7.5)          \<0.001
  WBC (×10^3^/mm^3^)        15.9±5.0       14.8±5.1          0.035
  Neutrophil (%)            67.9±12.7      63.3±15.6         0.006
  Lymphocyte (%)            20.5±11.9      24.9±12.6         0.001
  Hemoglobin (g/dL)         10.9±1.3       11.2±0.9          0.001
  Platelet (×10^3^/mm^3^)   323±145        329±126           0.942
  Platelet, follow-up       540±209        469±155           \<0.001
  ESR (mm/hr)               72 ±39         65±27             0.042
  CRP (mg/dL)               11.6±6.5       9.0±5.9           \<0.001
  Total protein (g/dL)      6.4±0.8        6.5±0.6           0.545
  Albumin (g/dL)            3.5±0.5        3.7±0.5           \<0.001
  AST (IU/L)                91±166         90±204            0.894
  ALT (IU/L)                136±199        110±151           0.076
  ALT\<40 IU/L              44 (40.0)      243 (49.0)        0.125

Values are presented as mean±standard deviation or number (%).

CAL, coronary artery lesion; KD, Kawasaki disease; IVIG, intravenous immunoglobulin; WBC, white blood cells; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; AST, aspartate aminotransferase; ALT, alanine aminotransferase.
